Pre-contacting the MST or mMST with glycolate did not have a significant effect on the performance of the materials when compared to tests having the same concentration of glycolate present in the simulant. These findings suggest that the glycolate is likely influencing removal by sorbate complexation and not by depositing onto or forming a film on the surface of the MST solids.
Since the DF values are salt batch dependent, it is not possible to a priori quantify the impacts of glycolate on future processing campaigns. However, we recommend that the impacts of glycolate be evaluated during each salt batch qualification when a final processing concentration is defined, and recommendations can then be made on how to mitigate negative impacts, if needed. Impacts to the performance of the MST or mMST could be mitigated by increasing contact time or increasing sorbent concentrations.
In addition to the MST and mMST testing, testing was performed to determine if there is an impact to the cesium removal at Modular Caustic-Side Solvent Extraction Processing Unit (MCU). An Extraction-Scrub-Strip (ESS) test routine was used to simulate cesium removal at the MCU. For this, SRNL performed three ESS tests, using the same basic aqueous waste simulant and solvent. For one test, SRNL added 5,000 ppm (mass basis) of glycolate and added 10,000 ppm of glycolate to a second test. A control test contained no glycolate. The results of all three tests were virtually identical for all the extraction, scrub and strip tests. (A single data point in the 5,000 ppm test is physically impossible and SRNL is currently resolving this obvious error.) At Additional testing is recommended to both further examine the nature of the interaction of glycolate with MST and mMST and also to help address some postulated risks on ARP/MCU operations with implementation of the glycolate flowsheet. The additional testing includes FTIR and Raman spectroscopy to examine the surface of the MST and mMST particles, iodometric titrations to determine the peroxide content in the mMST before and after exposure to glycolate, particle size measurements of the MST and mMST from the experiments performed with glycolate, and measurements of soluble Ti in the supernate from these glycolate experiments.
With regards to MCU impacts, the following tests are also recommended based on the premortem risk assessment. First, material compatibility testing should be performed to ensure that glycolate does not negatively affect the physical properties of the various polymers used at MCU. Second, SRNL recommends performing dispersion tests with the glycolate spiked solutions to ensure there is no hydraulic effect on the cesium removal performance. 1 Subsequently, SRNL demonstrated the viability of a Glycolic/Nitric Acid flowsheet, and SRR is currently proceeding with the development and demonstration of that flowsheet.
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An important aspect of the development of the glycolic acid flowsheet is determining if glycolate has any detrimental downstream impacts. Therefore, testing was performed to determine if there is any impact to the strontium and actinide sorption by monosodium titanate (MST) in the Actinide Removal Process (ARP). Testing was also performed to determine the impact to cesium mass transfer in the solvent extraction process in the Modular Caustic Side Solvent Extraction Unit (MCU).
This work was performed at the request of SRR Engineering 2 and was controlled by a Task Technical and Quality Assurance Plan (TTQAP). 
Experimental Procedure

Sources of MST and mMST
The baseline MST used in these studies was prepared using a sol-gel process developed at the Savannah River National Laboratory (SRNL) and supplied by Optima Chemical Group LLC (Douglas, GA, Lot #00-QAB-417) as a 15 wt % suspension in water containing 0.10-0.15 M NaOH and 100-150 mg L -1 NaNO 2 . 4 The modified MST (mMST) used in these studies was prepared by the post-synthesis treatment of MST with hydrogen peroxide. The details of this procedure have been previously published. 5 A 25 g supply of the mMST (LS-11) was prepared using the Optima-supplied MST.
Simulant Preparation for MST and mMST Testing
The simulant used in this testing was prepared by the addition of glycolate to an already prepared simulant (SWS-5-2009 ) with the composition shown in Table 2-1. This simulant is considered conservative for measuring the effect of glycolate on MST sorption, due to the lower hydroxide and sodium concentrations. At high hydroxide concentrations, the hydrolysis products of the actinides are expected to be dominant (see Appendix A). Therefore, increasing the sodium and hydroxide concentrations of the simulant would further reduce any interaction of glycolate with the species of interest (i.e., strontium and actinides).
Two glycolate containing simulants were prepared with targeted glycolate concentrations of 10,000 and 5,000 ppm (on a mass basis). 10,000 ppm is the estimated bounding concentration expected in the DWPF recycle stream. 6 Tests were also performed using simulant that had not been spiked with glycolate for comparison. For the 5,000 ppm glycolate simulant, 2.2870 g (0.0233 mol) of sodium glycolate was dissolved in 15 mL of salt solution (SWS-1-2010, see Table 2 -1 for composition). This solution was then added to 350 mL of SWS-5-2009 . The simulant was equilibrated at room temperature for 4 days, after which a sample was removed, filtered, and analyzed for glycolate concentration using ion chromatography (IC). A similar procedure was followed to prepare the 10,000 ppm glycolate simulant, using 4.5743 g (0.0467 mol) of sodium glycolate dissolved in 25 mL of SWS-1-2010. In this case the sodium glycolate did not completely dissolve in the 25 mL of salt solution, but the suspension was added to the simulant, where the remaining sodium glycolate dissolved. The equilibrated simulants were then used directly for the sorption testing, without filtering. 
Simulant preparation for the ESS test
Simulant for the ESS test was provided by a previously prepared general purpose simulant. To three bottles (205 mL) of this material, glycolic acid was added at 0, 5,000, or 10,000 ppm (by mass). The simulants were stirred for three days with no observable precipitation. Each solution was then spiked with enough 137 Cs to achieve a final activity of 1.50E+05 dpm/mL. See Table 2 -2 for a summary of the composition. -5-2009 with no glycolate present, tests 6-10 were performed using SWS-5-2009 spiked with 5,000 ppm glycolate, and tests 11-15 were performed with SWS-5-2009 spiked with 10,000 ppm glycolate. 60 mL of the appropriate simulant were used for each of the tests 1-15. Tests 16-20 represent a more conservative test which was modeled based on previous testing to evaluate possible scale inhibitors for the high level waste evaporators. 7 In this set of tests, samples of MST and mMST were contacted with sodium glycolate overnight (without agitation) prior to adding to the simulated waste solution. The amount of glycolate contacted with the MST and mMST was the amount required to provide a 10,000 ppm solution once the mixture was added to the test bottles containing the simulant. A stock solution of sodium glycolate was prepared by dissolving 4.31073 g of sodium glycolate in 8.25 mL of distilled water. Aliquots (0.95 mL) of this solution were then added to the samples of MST and mMST to be used in tests 16-20. After contacting overnight, the MST/mMST and glycolate mixtures were added to the test bottles containing 38 mL of SWS-5-2009 each. Table 2 -3 provides the molar concentrations of the sorbates compared to the molar concentrations of glycolate and the peroxo species on mMST (mMST tests only). Each set of 5 tests consisted of a control bottle (no sorbent), two bottles containing MST (duplicate tests) and two bottles containing mMST (duplicate tests). The control bottle was sampled at each sampling event to monitor for any changes in sorbate concentration due to precipitation or sorption by the polyethylene bottle. MST and mMST were added to the appropriate bottles at concentrations of 0.4 g/L and 0.2 g/L, respectively. After adding the sorbents, the bottles were placed in a shaker-oven, maintained at an average temperature of 27.0 ± 1.1 °C for tests 1-15, and 25.8 ± 1.2 °C for tests 16-20. The target temperature for both sets of tests was 25 °C; however, heat from the shaker motor make maintaining this temperature difficult. The bottles were continually shaken at 175 rpm for the duration of the test. Samples were removed at times of 6, 12, 24, and 168 hours. At each sampling event, the bottle was removed from the oven and manually shaken for 30 seconds to ensure the solids were homogeneously suspended. A sample was then removed and filtered through a 0.1-μm polyvinylidene fluoride (PVDF) syringe filter to remove the solids. An aliquot of the filtrate was acidified with an equal volume of 5 M nitric acid and submitted for inductively coupled plasma -mass spectroscopy (ICP-MS), gamma scan, and plutonium thenoyltrifluoroacetone scintillation (PuTTA) analyses.
ESS Tests
For each ESS test, the researchers used a nominal starting volume of 120 mL of aqueous salt simulant and 40 mL of fresh, unused solvent (S2-D1-YESBOB-T-WI).
 The test protocol is the same one used in all MCU feed qualification work. 8 The ESS test sequence involves vigorously contacting the cesium loaded aqueous phase with fresh, unused CSSX solvent, in a 3:1 aqueous:organic volume phase ratio. The aqueous phase is then removed, and the remaining organic phase is contacted in turn, with scrub acid (0.05 M HNO 3 ) twice and strip acid (0.001 M HNO 3 ) three times. In each case, the time of contact is 24 hours and, except for the initial contact, the aqueous:organic volume phase ratio is 1:5. After the 24 hour contact period, the aqueous phase is removed. During each step, samples of each phase  This batch of solvent was originally prepared with no extractant as S2-NOBOB-T-WI (see WSRC-NB-2005-00060 
Results and Discussion
Simulants
The simulants used for the MST and mMST testing were prepared by spiking a previously prepared simulant with sodium glycolate, targeting final glycolate concentrations of 5,000 and 10,000 ppm. After the addition of sodium glycolate, the simulants were equilibrated for 4 days and were then analyzed for soluble glycolate concentration using IC. The measured concentrations came within the 10% reported analytical uncertainty of the target concentrations, indicating no issues with glycolate solubility in the simulant. The results are provided in Table 3 -1. Given the lack of issues in the glycolate spiking in the MST and mMST testing, the glycolate content in the ESS simulants was not measured. Figures 3-1 through 3-3 show the percent removal for 85 Sr, Pu, and Np as a function of contact time for sorption tests performed with MST in simulants with glycolate concentrations of 0 ppm, 5000 ppm, and 10000 ppm (both in solution and pre-contacted with the MST). The data presented in these plots are the average of the duplicate trials, with the error bars representing 2 standard deviations. Plots of the concentrations versus time and tables summarizing the DFs are provided in Appendix B. The presence of glycolate has the most significant adverse effect on Sr removal by MST. The impact is a kinetic effect, where the removal of 85 Sr is inhibited in the presence of glycolate. After 1 week of contact the percent removed is the same within error; however, at the earlier time points, there is less removal in the presence of either 5000 or 10000 ppm glycolate. The Pu removal kinetics also appear to be slowed in the presence of 10000 ppm glycolate. The percent removal values at 6 and 12 hours are lower in the 10000 ppm glycolate, compared to the 0 and 5000 ppm glycolate simulants. There is no measurable impact to the Pu removal in the presence of 5000 ppm glycolate. At the later time points, 24 and 168 h, the percent removal is the same across all glycolate concentrations. The pre-contacting of glycolate with the MST did not appear to have a noticeable effect on the Sr and Pu removal performance when compared to tests having the same concentration of glycolate in the simulant.
MST Performance
In contrast to the 85 Sr and Pu results, the presence of glycolate resulted in an increase in the removal of Np with MST when compared to the simulant without glycolate. Higher removal was seen in the 5000 ppm glycolate solution when compared to the 10000 ppm glycolate solutions; however, the presence of 10000 ppm glycolate still resulted in greater Np removal compared to the absence of glycolate. Again, the effect of glycolate appears to be a kinetic effect, in this case the presence of glycolate is increasing the Np removal rate. The pre-contacting of glycolate with the MST slowed the removal of Np compared when compared to tests having the same concentration of glycolate in the simulant. The presence of glycolate had no measurable effect on the removal of U by MST.
The fact that the Np removal was accelerated in the presence of glycolate while the Sr and Pu removal was inhibited suggests differing mechanisms for the different species. Based on these results it is not likely that surface fouling of the MST is the responsible mechanism for the decrease in Sr DF, as one would expect all sorbates to be impacted in that case. A decrease in Sr removal rate is not unexpected since calculations suggest that glycolate can complex Sr 2+ to a limited degree under alkaline conditions (see Appendix A, Figure A-4) . Glycolate-complexed strontium would be expected to be less likely to be adsorbed by MST than the free Sr 2+ . Calculations (provided in Appendix A) suggest that minimal complexation of the actinides occurs in strongly alkaline solutions. However, some degree of complexation is suggested since we observe slower removal of plutonium in the presence of glycolate. We do not have an explanation for the enhanced rate of neptunium removal in the presence of glycolate. 
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mMST Performance
Figures 3-6 through 3-8 show the percent removal of 85 Sr, Pu, and Np as a function of time for sorption tests performed with mMST in simulants with glycolate concentrations of 0 ppm, 5000 ppm, and 10000 ppm (both in solution and pre-contacted with the mMST). Plots of the concentrations versus time and tables summarizing the DFs are provided in Appendix B. In contrast to what was observed with MST, the presence of glycolate appears to slow the removal of all three sorbates by mMST.
In the case of 85 Sr, at the 6-24 hour time points the percentage of 85 Sr removed is lower in the presence of either 5000 or 10000 ppm glycolate compared to the glycolate free simulant; however, by the 168 hour time point there is overlap of the error bars for all three glycolate concentrations. There was a much larger spread in the Np data between the duplicate trials, resulting in larger error bars making comparison more difficult. However, the presence of glycolate appears to also slow the removal of Np. There is some overlap of the 0 ppm and 5000 ppm data at all the time points, except for 24 hours. The 10000 ppm samples are consistently lower than the data in the absence of glycolate; however, by 168 hours the 10000 ppm glycolate solution has reached the percent removal achieved in the 0 ppm glycolate solution at 6 hours, indicating a kinetic effect, rather than reduced capacity of the material.
The effects were less pronounced for Pu. There is no measurable decrease in Pu removal in the presence of 5000 ppm glycolate compared to the glycolate free simulant. There is a small MST -0 ppm glyc MST -5000 ppm glyc MST -10000 ppm glyc MST -10000 ppm glyc pre-contact decrease in the percentage of Pu removed in the presence of 10000 ppm glycolate through 24 hours; however, at the 168-h time point the Pu concentration is below the method detection limit for all three glycolate concentrations, resulting in greater than values for the percent removed. The presence of glycolate did not change the lack of affinity of mMST for U.
Even though the glycolate had a greater impact on the mMST performance, the material still outperforms the baseline MST for Sr and Pu removal. Even in the presence of 10000 ppm glycolate the Pu DF for mMST is still much greater than that of MST, and for 85 Sr, the 168-h DF for mMST in the presence of 10000 ppm glycolate was similar to the DF for MST in the absence of glycolate. For Np, the mMST 6 -24 hour DFs in the presence of 10000 ppm glycolate were similar to the MST DFs in the absence of glycolate. The 168-h Np DF for mMST was about 40% of the MST 168-h Np DF. As with MST, the pre-contacting of glycolate with the mMST did not appear to have a significant effect on the performance when compared to tests having the same concentration of glycolate in the simulant. Based on these findings, we conclude that the presence of 5,000 and 10,000 ppm glycolate slows removal by complexing the sorbates to a limited degree and not by depositing or forming a film on the surface of the mMST. mMST -0 ppm glyc mMST -5000 ppm glyc mMST -10000 ppm glyc mMST -10000 pre-contact Table 3 -2 shows the results from the ESS Tests, corrected to the normal process operating temperatures (i.e., 23 ºC for extraction and 33 ºC for scrubbing and stripping). mMST -0 ppm glyc mMST -5000 ppm glyc mMST -10000 ppm glyc mMST -10000 ppm glyc pre-contact
Glycolate Effects on Cesium Removal
In the 5,000 ppm test, the Extraction #1 test point gave a result that is clearly impossible. Through the use of variable sensitivity analysis, SRNL believes that this value is due to an unanticipated dilution in the aqueous Extraction #1 analytical sample. Sample reanalysis is underway to confirm this hypothesis. Nevertheless, even with this unresolved data, there is no indication that the presence of 5,000 ppm of glycolate affects the cesium removal behavior.
Although not tested, the impact of glycolate for the Next Generation Solvent -that replaces BOBCalixC6 with MaxCalix -is expected to be very similar to that for the baseline solvent.
Testing is needed to confirm.
Conclusions
The presence of glycolate was found to impact the sorption kinetics of both MST and mMST. For MST, the presence of glycolate slowed the removal of both Sr and Pu, while increasing the removal rate of Np. Pre-contacting the MST with glycolate resulted in similar performance as when glycolate was simply present in the simulant.
In the case of mMST, glycolate was found to decrease the removal rates of all three sorbates (Sr, Pu, and Np). However, even in the presence of 10,000 ppm glycolate the mMST outperforms the baseline MST in the absence of glycolate for Pu removal, and has comparable 85 Sr removal to MST in the absence of glycolate. As with MST, the pre-contacting of glycolate with the mMST did not appear to have a significant effect on the performance when compared to tests having the same concentration of glycolate in the simulant. Based on these results it is likely that glycolate is impacting the removal rates by forming complexes with the sorbates, and not by fouling the MST or mMST surface.
The impact on DF measured in this report is for a single batch contact. Facility operations involve accumulation of multiple batches of MST. As a result, DF in the facility operations is not directly correlated with the single batch contact values and historically is superior to the laboratory test data. Rather than experimentally assessing the impact of multiple batches, a more practical and cost effective approach is to add glycolate impact to the salt batch qualification program for future batches after the program makes a final selection of process quantities and a better understanding of carryover from DWPF melter operations is known.
From the cesium mass transfer test results, we can discern no negative effect of glycolate on the cesium removal efficiency. While there is a single anomalous sample result yet to resolve, SRNL does not anticipate this result deviating from the results of the other two tests.
Recommendations
Additional testing is recommended to further examine the nature of the interaction of glycolate with MST and mMST and also to help address some of the pre-mortem risks on ARP/MCU operations with implementation of the glycolate flowsheet. Specifically, we propose the following:
1. Use of FTIR and Raman spectroscopy to examine the surface of the MST and mMST particles to determine if glycolate is adhering to the surface. These measurements will help to determine if surface fouling is responsible for the decreased performance seen in the presence of glycolate. 2. Iodometric titrations to determine the peroxide content in the mMST before and after exposure to glycolate. This will allow us to determine if the glycolate is reacting with the peroxide groups on the mMST, thereby reducing the performance of the material.
3. Particle size measurements of the MST and mMST from the experiments performed with glycolate to determine if glycolate is causing the particles to agglomerate. 4. Inductively couples plasma -emission spectroscopy (ICP-ES) analysis of the supernate from these experiments to measure the soluble Ti concentration to determine if glycolate is causing increased leaching of Ti from MST and mMST. 5. Material compatibility evaluations to ensure that glycolate does not negatively affect the physical properties of the various polymers used at MCU. 6. Performance of dispersion tests with the glycolate spiked solutions to ensure there is no hydraulic effect on the cesium removal performance. 7. ESS testing to confirm there is no impact to the Next Generation Solvent.
In addition to those recommendations, we also advise that further testing be performed if the glycolate concentration exceeds 10,000 ppm in the DWPF recycle stream.
A-2
Complexation Calculations
Glycolate complexation under alkaline conditions
Speciation calculations for glycolate complexation with UO 2 2+ , NpO 2 + , Th 4+ (used as a 4+ analogue of Pu) and Sr 2+ have been performed. Stability constants for the metal/glycolate system were selected from the NIST Standard Reference Database. [1] The values were chosen at the highest ionic strengths available that also gave internally consistent data. Typically µ = 1.0 M, with the exception of strontium with µ = 0.1 M. Speciation plots have been prepared using the speciation program HYSS 2009. [2] The plots shown in Figures A-1 through A-4 display the log of the metal concentration vs. pH. The pH range 2-12 has been chosen for a broader understaning of the system even though the alkaline side is of main interest. The advantage of this display can be found in visuallization of the regions where glycolate will more strongly interact with the metals. Uranyl and Th 4+ will be typically found as a hydroxide at pH > 7. With neptunyl, this pH increases slightly to where the hydrolysis product begins to dominate at ~ pH = 9. For Sr 2+ , the free Sr 2+ dominates across the pH range shown with a lower concentration of a 1:1 strontium glycolate complex. At higher pH, the 1:1 hydrolysis product begins to grow in. Based on these plots, it can be concluded that glycolate will not form a complex with the actinides in any appreciable quantities. 
